pressure, with little or no change in cardiac output, may thus be the result. In those patients with left ventricular failure in whom a low cardiac output is the primary problem, nitrates may be less effective. A drug with a predominant effect on resistance vessels might have a greater potential for increasing cardiac output. Hydralazine, a smooth muscle relaxant, is known to cause a significant reduction in arteriolar tone, with little effect on capacitance vessels.25 28 Furthermore, hydralazine can be administered orally. The purpose of this study, therefore, was to evaluate the hemodynamic effects of orally administered hydralazine in patients with severe and chronic refractory heart failure, and also to assess the feasibility of such therapy in the long-term management of such patients.
REDUCING LEFT VENTRICULAR ejection impedance with various vasodilator drugs has been shown to be a practical therapeutic approach to the management of patients with acute or chronic heart failure. 1 pressure, with little or no change in cardiac output, may thus be the result.
In those patients with left ventricular failure in whom a low cardiac output is the primary problem, nitrates may be less effective. A drug with a predominant effect on resistance vessels might have a greater potential for increasing cardiac output. Hydralazine, a smooth muscle relaxant, is known to cause a significant reduction in arteriolar tone, with little effect on capacitance vessels.25 28 Furthermore, hydralazine can be administered orally. The purpose of this study, therefore, was to evaluate the hemodynamic effects of orally administered hydralazine in patients with severe and chronic refractory heart failure, and also to assess the feasibility of such therapy in the long-term management of such patients.
Methods
Ten patients with severe and chronic heart failure, refractory to conventional medical therapy, form the patient population. There were five females and five males with an age range of 29 to 65 years. The etiology of congestive heart failure was cardiomyopathy of unknown cause in four, ischemic cardiomyopathy in two, and persistent heart failure, despite valve replacement (three mitral and one aortic) in the remaining four. The duration of heart failure ranged fromn one to seven years. Nine of ten patients were in NYHA Class IV and one was in Class III at the time of the study. All patients were chronically and adequately digitalized. All patients were taking oral furosemide, 160 to 840 mg daily. In addition, three patients were also taking C  HD  C  HD  C  HD  C  HD  2-3   6-8   24  2-3  6-8  24  2-3  6-8  24  2-3  6-8  24  2-3 6-8   24   hr  hr  hr  hr  hr  hr  hr  hr  hr  hr C  HD  C  HD  C  HD  2-3  6-8  24  2-3  6-8  24  2-3  6-8  24  2-3  6-8  24  2-3  6-8  24  hr  hr  hr  hr  hr  hr  hr  hr  hr  hr  hr   hr   hr  hr  hr   68  70  68  68  82  86  88  73  31  32  37  33  23  25  28  30  24  26  25  25   120  136  140  128  89  80  97  88  48  45  40  33  32  34  30  25  15  18  16  10   120  100  102  102   82  70  90  84  27  20  23  26  18  9  12  11  10  6  4  5  86  80  88  81  122  106  100  95  63  52  58  52  30  25  20  26  25  22  19  18  100  98  102  100  93  85  89  92 
Results
The hemodynamic effects of hydralazine in all ten patients are summarized in table 1. Results are tabulated at two to three hours, six to eight hours, and twenty-four hours after the continuous administration of the maximum dose of hydralazine used (50 mg in two patients, and 75 mg in eight patients). Representative hemodynamic effects of oral hydralazine in a patient (F.R., table 1) are illustrated in figure 1 . In the group as a whole there were no significant changes in heart rate, pulmonary capillary wedge pressure, or right atrial pressure. Mean arterial and pulmonary arterial pressures decreased only slightly. There was a significant reduction in both systemic and pulmonary vascular resistance. Along with the reduction in systemic vascular resistance, there was a marked increase in cardiac output and stroke volume. Despite some reduction in arterial pressure, stroke work index increased significantly. A significant increase in stroke volume and stroke work index with little change in left ventricular filling pressure is indicative of improved left ventricular performance.
Although a favorable hemodynamic response was observed at two to three hours and six to eight hours after administration of 50 to 75 mg of hydralazine, the maximum increase in cardiac output was observed in most patients at twenty-four hours. Individual changes in heart rate, mean arterial pressure, cardiac index, left ventricular filling pressure, stroke volume and stroke work index are illustrated in figures 2 and 3.
In two patients there was some tachycardia, while in the remaining eight patients heart rate either decreased or did not change. Mean arterial pressure decreased only moderately in five patients. Cardiac output increased significantly in all patients. Although changes in left ventricular filling pressure were inconsistent, there were significant increases in stroke volume and stroke work index.
Clinical Response
In all patients there was a significant decrease in fatigue during hydralazine therapy. Urine output remained satisfactory in the hospital despite a reduced dose of diuretics. Nine FIGURE 2. Changes in heart rate, mean arterial pressure and cardiac index in all ten patients at 24 hours (HD) after continued hydralazine therapy. There was no significant change in heart rate, arterial pressure decreased only slightly but cardiac index increased significantly (P < 0.001). C = control. L of the ten patients continued to use hydralazine during the follow-up period (two to five months). In one patient with an aortic prosthetic valve, hydralazine was discontinued when he developed a neurological complication due to cerebral embolism. Seven of the nine patients on long-term hydralazine therapy remained significantly improved clinically and were in NYHA Class II and one in Class III at the time of the most recent follow-up (three to seven months). One patient died suddenly six weeks after discharge from the hospital, although he had had marked improvement in his effort tolerance (NYHA II) until his death. Two patients have returned to their jobs (part time), one as a garage mechanic and the other as a house painter.
Complications
No patient developed postural hypotension. Three patients had nausea in the first twenty-four hours after the initiation of hydralazine therapy, which disappeared despite continued therapy. During the short follow-up period no patient developed any clinical manifestations of the lupus syndrome.35 However, two patients gained weight slightly during follow-up period, despite a marked improvement in effort tolerance. Restriction of fluid and salt intake has prevented any further gain in weight.
Discussion
This study demonstrates that the vasodilator hydralazine can produce a significant beneficial hemodynamic response in patients with severe congestive heart failure. Thus, in all ten patients in this study, cardiac output increased within two to three hours of oral administration of hydralazine.
An increase in cardiac output and stroke volume and stroke work with little or no change in left ventricular filling pressure indicates enhanced left ventricular function. Improved cardiac performance in these patients was also associated with clinical improvement, in that all patients had relief of fatigue and other manifestations of low cardiac output. Furthermore, seven of the nine patients who were continued on hydralazine therapy were in NYHA Class II at the most recent follow-up, although eight of these nine patients were in NYHA Class IV before the initiation of hydralazine therapy. Two patients could return to part-time jobs. One patient with primary cardiomyopathy died suddenly six weeks after discharge from the hospital; the immediate cause of death is not known. However, this patient had sustained improvement in his effort tolerance until death.
The increase in cardiac output was not due to an increase in heart rate, preload, or contractility. Although one patient developed tachycardia, heart rate in general did not change significantly and there was no consistent change in left ventricular filling pressure. Furthermore, hydralazine does not possess any direct inotropic effect on the myocardium. A reflex increase in contractility was also unlikely due to the lack of reflex tachycardia in these patients. Although changes in arteriolar tone were not measured directly, the decreased systemic vascular resistance in these patients was most likely due to a direct dilating effect of hydralazine on the resistance vessels, as demonstrated in previous studies. This decrease in impedance to left ventricular ejection presumably resulted in an increase in cardiac output in these patients. A reduction in the severity of mitral regurgitation in some patients probably contributed also to the increases in cardiac output.3"
Although cardiac output increased in all patients in this study, there was very little change in either pulmonary capillary wedge pressure or right atrial pressure. It appears, therefore, that hydralazine has unimportant dilating effects on the capacitance vessels as suggested by previous investigators. Franciosa and Cohn37 observed some decrease in pulmonary capillary wedge pressure following a single oral dose of 100 mg of hydralazine. The lack of change in pulmonary capillary wedge pressures in our patients may be related to the smaller dose of hydralazine used. Furthermore, variation in the metabolism of hydralazine in different patients (slow or fast acetylators) may cause variable blood levels of hydralazine and this might explain some of the differences.
In the present study the dose of oral hydralazine was increased every three hours until an adequate hemodynamic response was observed. This dose was then administered every six hours. With this method of administration, the increased cardiac output was maintained for more than twenty-four hours after the initiation of hydralazine therapy. These findings indicate that sustained hemodynamic improvement can be expected in patients with congestive heart failure on continuous hydralazine therapy. This is suggested by the fact that the clinical improvement in these patients seemed to be maintained during the follow-up period. However, this study does not provide any objective evidence to confirm the clinical impression and further investigations would be necessary for substantiation.
Because there was little or no reduction in pulmonary capillary wedge pressure in these patients, hydralazine may not relieve the symptoms of pulmonary venous congestion. Furthermore, a tendency to gain weight due to an increased intravascular volume is a known complication of hydralazine therapy. In such circumstances, however, the addition of, or 
